Maintenance of adequate ventilation under anaesthesia can be difficult during identification and ligation of congenital tracheo-oesophageal fistula with repair of oesophageal atresia. Anaesthesia may also be complicated by problems associated with prematurity, pre-existing aspiration pneumonitis, and difficulty positioning the endotracheal tube to prevent inflation of the stomach with increased risk of aspiration and diaphragmatic splinting. Even intubation of the fistula and gastric rupture may occur. Two neonatal cases are presented where use of a 2.2 mm neonatal bronchoscope passed through a 3.0 mm ID tracheal tube facilitated surgical identification of the fistula, diagnosis of fistula intubation and other airway problems intraoperatively.
The most common type of congenital oesophageal atresia (OA) is a blind upper oesophageal pouch with a fistula extending from the lower oesophageal segment to the posterior tracheal wall. Over 64% of cases have other anomalies such as congenital heart disease in 38%, musculoskeletal anomalies in 19% and central nervous system and renal abnormalities in 15% 1, 2 . During the surgical repair, it may be difficult to identify exactly the junction between the tracheooesophageal fistula (TOF) and the trachea. Anaesthesia may be complicated by problems associated with prematurity, pre-existing aspiration pneumonitis, and difficulty positioning the endotracheal tube, with subsequent potential for inflation of the stomach, increased aspiration and diaphragmatic splinting. Intubation of the fistula may occur. High-pressure ventilation required in a neonate with respiratory distress syndrome can cause gastric rupture 3 and even cardiac arrest after massive gastric distension requiring urgent decompressive gastrostomy 4 .
CASE HISTORIES Case 1
A male infant born prematurely via a spontaneous vaginal delivery at 33 weeks was the first of twins. Birth weight was 1320 g. Antenatal ultrasound scans were suggestive of tricuspid atresia, pulmonary stenosis, right ventricular hypoplasia, patent ductus arteriosus and patent foramen ovale. These were subsequently confirmed on transthoracic echocardiography.
Copious secretions and the inability to pass an orogastric tube suggested the infant had oesophageal atresia with tracheo-oesophageal fistula. An X-ray of chest and abdomen showed gas in the bowel with a drainage tube in the upper pouch at T4 level. The patient was transferred to our hospital at three hours of age.
Since the condition of the infant was satisfactory, surgical repair of the TOF was performed at 13 hours of age. After placement of monitoring consisting of an electrocardiogram, pulse oximeter, noninvasive blood pressure and end-tidal CO 2 , an inhalational induction was performed using halothane, oxygen and air. Lignocaine 4 mg was applied topically to the vocal cords while spontaneous ventilation was maintained.
The patient was intubated orally using a 3.0 uncuffed endotracheal tube (ETT) (Portex Ltd. Hythe, Kent, England, U.K.). Fentanyl 2 µg/kg was given 20 minutes after induction, gentle test ventilation was performed, then cisatracurium 0.15 mg/kg and a further fentanyl 2 µg/kg was administered. After induction, prostacyclin 5 ng/ kg/min was commenced to maintain pulmonary blood flow via the patent ductus arteriosus.
Anaesthesia was maintained with isoflurane, oxygen and air. Monitored values were within normal ranges for blood pressure, pulse oximetry and end-tidal CO 2 .
A right thoracotomy through the 5th intercostal space showed the upper pouch to be quite high, contrary to the impression gained from the pre-operative X-ray. The lower pouch was identified easily. However, the fistula ran upwards for a long distance beside the trachea and it was not possible to identify the exact point where it entered the trachea. As the gap between upper and lower oesophageal pouches was more than 1.5 cm, ligation of the fistula close to the tracheal wall would be necessary for primary oesophageal anastomosis.
At this stage, the anaesthetist passed a 2.2 mm external diameter neonatal fibreoptic bronchoscope (Olympus LF-P. Olympus Optical Co., Ltd. Tokyo, Japan) through a swivel adaptor with a diaphragm down the 3.0 mm ID ETT. This allowed continuous positive pressure ventilation to be maintained. It was found that the ETT tip was below the fistula and the ETT was slowly withdrawn until the fistula opening was easily identified approximately 2.0 cm above the carina. The diameter of the fistula appeared similar to that of a main bronchus in this child. The other bronchoscopic anatomy was normal.
The fistula opened during the inspiratory phase of ventilation, and the application of 5 cm continuous positive airway pressure (CPAP) maintained this while allowing entry of the fibreoptic bronchoscope into the fistula and through to the stomach. This allowed surgical identification of the fistula by palpation and also from the light of the bronchoscope.
Subsequently the fistula was ligated close to the tracheal wall after withdrawal of the bronchoscope from the endotracheal tube and a difficult primary anastomosis of the oesophagus was performed. During this part of the operation, there was frequent inability to ventilate, associated with poor or absent capnography tracing. The bronchscope was reinserted and confirmed this to be due to tracheal occlusion from surgical traction.
At the end of the procedure, the endotracheal tube was changed from oral to nasal and, again, bronchoscopy was performed to be sure the tube tip was beyond the remnant fistula off the posterior tracheal wall. Postoperatively the patient was ventilated in the intensive care unit.
Case 2
A male infant was born at 41 weeks via vaginal delivery. The baby weighed 2.8 kg and had normal Apgar scores. Anomalies present were TOF/OA, imperforate anus, absent thumb, small ventricular septal defect and a moderate patent ductus arteriosus. Renal ultrasound was normal. This qualified for the VACTERL association which requires three or more of six anomalies: V (vertebral), A (anal atresia), C (cardiac), TE (tracheo-oesophageal fistula and/or oesophageal atresia), R (reno-urinary) and L (limb defects) 5 .
The patient was scheduled for rigid airway endoscopy and thoracotomy for ligation of TOF and repair of OA at 20 hours of age. Monitoring was the same as in Case 1. An inhalational induction was performed using halothane, oxygen and air, with lignocaine applied topically to the cords. Anaesthesia was maintained using spontaneous/assisted ventilation via the side arm of the rigid bronchoscope. This revealed a TOF with the fistula opening 1 cm above the carina, on the posterior tracheal wall. The child was then intubated with a 3.0mm ID oral endotracheal tube (Portex, U.K.). A short upper oesophageal pouch was then identified on rigid oesophagoscopy. Anaesthesia was maintained with isoflurane, air, oxygen.
The patient was then positioned for a right thoracotomy. An attempt was made to maintain spontaneous/assisted ventilation during the surgical identification of the TOF, however there was frequent loss of the capnography tracing with minimal movement of the endotracheal tube. The patient was given cis-atracurium 0.3 mg and positive pressure ventilation instituted. Insertion of the neonatal fibreoptic bronchoscope revealed the tip of the ETT to be in the fistula, bevelling in further with surgical manipulation. Normal stomach and pylorus were seen. The ETT was then withdrawn, and adequate ventilation obtained. At the end of the operation, the oral ETT was changed to a nasal ETT and the bronchoscope inserted to ensure the tube tip was past the fistula stump. The child remained ventilated for a further two days, was extubated uneventfully and subsequently had a normal barium swallow.
DISCUSSION
As classified by Gross 6 , the commonest type of TOF/OA is type C, with a fistula between the distal oesophagus and lower trachea. This occurs in up to 78% of cases. Type B has a proximal fistula, type D is with both proximal and distal fistulae, and type E is TOF without OA (sometimes called a "H" TOF).
These types are rare. Types A and F represent up to 9%, and are OA and oesophageal stenosis, respectively, without fistulae.
Identification of the level of the TOF is useful preoperatively, so that the correct exposure is performed, and intra-operatively, so that the ETT can be correctly positioned and the fistula located and repaired. Many techniques have been described including endoscopic localization 7 , radiographic localization 8 , the placement of Fogarty or ureteric catheters through the fistula 9 , and guidewire placement through the fistula 10 , both using rigid bronchoscopy and oesophagoscopy. These may be particularly useful in H-type TOF, which is often more difficult to diagnose.
A technique of avoiding gastric inflation and TOF intubation with the ETT has been well described and is commonly used 11 . This involves deliberate passage of the ETT into a main bronchus and then slow withdrawal until breath sounds are heard bilaterally and the tube is just superior to the carina and the fistula is occluded. This may also require using an ETT without a Murphy eye and rotation of the ETT so that the bevel is facing anteriorly, occluding the TOF.
Other techniques to avoid preferential airflow down the fistula and subsequent gastric distension include: surgery within 12 to 24 hours of birth before respiratory distress becomes severe, high-frequency jet ventilation 12 , endoscopic placement of a Fogarty balloon catheter in the fistula 13, 14 , retrograde placement of a balloon catheter in the fistula from the stomach 15 and a ligature at the gastro-oesophageal junction 2 . A cuffed 3.0mm ID endotracheal tube has been used to occlude a TOF and aid ventilation 6 . Preoperative decompressive gastrostomy is required in up to 5% of cases 2 .
The use of a neonatal fibreoptic bronchoscope has advantages in different types of OA and TOF. Visualizing the tracheo-oesophageal fistula with this bronchoscope would be possible with Gross types C (which these patients had), B and E. Failure to diagnose dual fistulae in type D TOF can result in morbidity 2, 16 . In this situation, it would be possible to enter each fistula in turn with the neonatal fibreoptic bronchoscope to aid identification by the surgeon, however this may require withdrawal of the ETT up to the vocal cords.
Use of the neonatal fibreoptic bronchoscope intraoperatively offers a quick, repeatable and direct method for the anaesthetist to view the tracheal anatomy and avoid accidental intubation of the fistula.
Placement of the tip of the ETT distal to the fistula can occur under direct vision, both preoperatively to avoid ventilating the fistula, and postoperatively to avoid strain on the fistula stump. Endotracheal suction catheters may catch at the fistulous stump. This may be important as there is a trend to continue paralysis and ventilation for several days to protect the oesophageal anastomosis and decrease the incidence of leak 17 . The neonatal fibrescope can be used to assess difficulty with ventilation intraoperatively, and can distinguish between tracheal occlusion from surgical manipulation and secretions or mucous plugging. Some authors have advocated the use of rigid bronchoscopy before ligation of TOF and repair of OA 2,9 . Kosloske 18 reported unsuspected findings that changed the operative approach in 57% (n=42) of her patients. Potentially, the neonatal fibrescope could be used after induction via a mask by the anaesthetist to check all anatomy below the level of the cords. A second anaesthetist would be required to monitor the patient and support the airway. With experience, this should only take a few minutes. However, if a very large fistula is identified, a rigid bronchoscopy may still be required to pass an occluding catheter into the fistula. Using the neonatal fibrescope concurrently at thoracotomy decreases operative time by removing the need for preoperative rigid bronchoscopy. It also provides other surgically useful information, such as measuring the distance of the fistula from the carina. Camera attachment will allow for recognition of excessive surgical retraction causing tracheal occlusion.
Traditionally, after endotracheal intubation, spontaneous or gently assisted ventilation is used to avoid gastric distension until the TOF is ligated. However, adequate oxygenation, ventilation and satisfactory operating conditions may be difficult to achieve. Andropoulos et al 2 used muscle relaxants in 93% (n=61) of neonates prior to rigid bronchoscopy or tracheal intubation. They reported ventilation difficulties in 16%, due to TOF ventilation and gastric distension. These patients were described as having large TOFs (>3 mm), and the authors recommended passage of a Fogarty embolectomy or ureteric catheter to occlude the fistula and pass the endotracheal tube next to it. Accurate placement of the ETT using the neonatal fibrescope may occlude even a large fistula and this could allow earlier use of muscle relaxants than traditionally thought.
In the presence of respiratory distress syndrome, there may be preferential ventilation of the fistula and stomach. A 2 mm bronchoscope in the endotracheal tube has been used as an aid to placing a Fogarty balloon catheter in the fistula via the stomach at the time of gastrostomy 19 .
This technique using the neonatal fibrescope has limitations which need further investigation. The external diameter of the bronchoscope is 2.2 mm and this may cause marked resistance to ventilation in a 3.0 mm (internal diameter) ETT. There was no oxygen desaturation during bronchoscopy in Case 1: however, the capnography trace was diminished. The neonatal fibrescope has no suction port and therefore is unable to clear secretions or decompress the stomach if required. A catheter cannot be placed through the neonatal fibrescope into the TOF.
If the fistula opens at the carinal level or in one of the main bronchi, the neonatal fibrescope may be useful in guiding the ETT into an appropriate main bronchus for one lung ventilation. Holzki 20 reported on bronchoscopic findings in 113 neonates with 11% of TOF at or below the carina, 22% within 1 cm of the carina, and 67% above this.
The anaesthetic use of a neonatal bronchoscope may provide intraoperative surgical assistance in identification and ligation of TOF, identify unexpected anatomy, and diagnose potential causes of airway obstruction during thoracotomy for ligation of tracheo-oesophageal fistula and repair of oesophageal atresia.
